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The pi bloom of arplifying slowly varying adi;nale in cn eld om 
20? NSe cf vacuuy tube wmplifiersn for the objective is consider- 
aoly commileatvad om tne “aot ttat the lor fracuency of the sipnale pree 
Clides the use 67 conc? tive courling betwesn the stages end this brings | 
‘1 
Bont tre problem of drifting, 
Yasiows soutlone hoi been proposed, eacn one with a definite 
Cre obvicus way of sectog possibdie the use of the com.on Rel 
sour ec amplifier {> to modulate tke aifnul we want to amplify and at 
the sr’ to desoviete it thre @> a alec sencitive demodulator, 
2.3 thesis 13 concerned vith euch cn ap lication, izing a 400 
ene "chovres” as movuletine detice en) a woacuvm tube switch as & phase 
sensitive full wave cenosulater, Feedback 1s used in conjunction with a 
Page Peon sel Gortled apol Ph@ vw ok: liligze the gain, @bhe device heb a 
tow ovtout impetence, of the crdar o” icX, and a bark Input impetance, of 
tne order cf LF, 
CPhe- erecliicatioas are: 


a) Inyvee separate, a’ditive ‘npute, 











Gocd results were ott. 














HISTCRY OF THE PROBLE’ 











Troubles with ¢, c, amplifiers are fe. Pidaly knowr to deserve 
an extensive comrent, 

It is enough to say that the tendency to drift anc generally 
varying concitions of operation of such devices naras them unrallable to 
such type cf apriicaticn in whick no ocnstant adflustaert is allovzed, 

Besides, even in the situdtions they have to be usec they stilt 
are not ideal cevicee due to strict conc! ions t: ey imoese on the power 
wuppiy, te treir prite and to the contirucus attention they require. 

One oFibue means of improving the 7riM problem is to use an 
RC coupled amplifier, Sinee the required cize of tre carponents raves 
this tyne of anplifier unevited for low Crequency amplificatinn, the 


solution it to modulute tne signal, amplify the moduletec sirneal anc Zee 


9 
medulate it after the arplificaticn, 

Several methocs enn ba chogan fer tie mogulation and corresnond~ 
ing demodulation, 

Kren ti.e Cracuencies to be annlified are not too hicr switch- 
dng modulaticn using ea mechanicui tyve contactor oresentr some adcvantares, 
A significent gain in stabitity is achiavec as covpared with circuits using 
vacuum tubes - the moculatine circuit ie very ie. , the contactor cone 
sumer very little vewer and doesn't need toc much space, Sines nearly atl 
cortaclore ure sinme-ycole, couble-t’ row, they are eulteble for full wave 
modulaticn, 

The Rev, Set, Instr, (17 


hee el i 1446) bas a revert fron Lis.a 


et al describing aa urp lifter te be used as = suostitute Tor a very low 








resistence falwunometer, Saving treo synchronized contactors for modula= 


ticn aay eee ei tis. 


tre A, I, E, £E, Transactions 


Aperoximatels on the asne comic, 


Re’, Velen 1, ©. 17; bvings @ rérort fron Williems, Tarpley anc Clark, 


Yescritvin?y 2 dec ampii*iar etabliised fer zero anc gain, te be used for 


measurements cf vory omall voltages and currgnts, Variations of the 
basic desirr. for lew anc high icopedence input cireult anc for series and 


} a 


paralled feecbacl are iriefly descziovel, 
Sever... becks maks cefererees Lo tie noasibs litv of using con- 


A 


tactor moduleticn te irnrcve tre wuelities of stability in d-c amplifiers, 
Theery cf Servovecintism .dJakes, Nicrole and Phiili ns) docicates 


= fem munzee to corteutar™ onc their ay, lications, 


Saveforms (Chance, etc.) describes tro tyres of mechanics} cone 





tactors and points out. tretr aivante,es over their electronic counterparts, 


Nc sore literature wae foun. treating of this particular protlem, 


a 
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Servo systems have a need of amplifying devices for ciomanmnl 
gignals which have a good response up to abott 40 spe and which can be - ‘on 
considered to have as smell interaction ad ficianntie with the wdtgs Carsms 
elements in the systen, nasely high input inpedance and lor output inpe- 

. dance, 

fie have proposed to design an amplifier which will follow aa queh 

as nossible the following characteristics, 
le Three eeparete additive inputs, besides the feedback 
2« Inout resistance of at least 1 W vor each input 
2 Adjustable gain in 4 steps: 1, 2, 5, 10 


4e Accuracy better than 98%, namelys 


for sivaetial itoutece! frequencies frog 0 te 40 ens 
S~ Output resistance of 10° ohns or less 
€= Stabilized power supply is not provided 
In starting the planning of such an emplifier the paper of 
Williams et al* was thorcughly reac, athie his problem hae points of 
Similarity with curs, 
. The main differences are: 


a) Wilidem's amplifier 1s designed for exceedingly low level signals; 


b) It iz supposed to amplify essentially D, C,. signals, 


* References 1 








c) The power level at the ovtput is sufficientls Jow to rermit the 
use of a chopper to demoduiate the sirnals, 

With those ideas in mind we tried to aclify fillians's project to 
our objective and simplifying it as mich as possibie te sliminate the 
noat of the egnsentially "precise" features, suct. as siielding the ampli- 
fier, stabilizing the power enprly, using high accuracy components, etc, 
Descrintion of the system 

a block clagran of the synten follows and after that the comron- 


ents will be comrented voon one after another, 
















switch 
dezoculate 


input contactor 


filter 












rtienuator 


Input filter - It is supposed to atienurte all tiie frequencies 
cut of the chosen rangs, especially 4CO cps since a 400 cps signal coming 
in will ro through and have tle sare effect as a >, C, input, 

At the game time it rmst provide for the input 4mpedance we wish, 

Contactor ~ A 40C eps Stevens Arnold mechanical "chorrer” was 
chosen, The frequoney of 4CC cps ‘as two yood advantages: a) it 1s 


high enough to use ana, c, suplifter to socd advantage even considering 
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the bandwicth of"€9 ome: ©) Its BAtto to the masxinua frequency we want 
anplify ia high encugh to :llor worl amplification, 
_ 
Tre Bchonorer" itsol? didn't show ideal qualities for the low level 
tnovut ve wanted tec use, It resented a slight zero error - dSesices that , 
it seamec very stabie in rhut refers to tre cuty cycle, namely the fraction 
of a cycle, The contact. remains open or closed, 
AC, arolifier - A 4 stage amplifier usi:g a 6146 as output wae ~ 
cesi¢enes, 
Two 6SL7's tein tricies wore used, *:e socket of the first one 
vas mounted on ruvver to decrease mechanical pick-up, j 
Tre first tube was connected os a cathode follower and thie 
comnection preved a lig farrevevent ower tae resular gric conrecticn, 
Although the ressen rasn't completel, understcod 1% seemed to bo related 
to casturcances on rric curren’? es cause) vy t's switching acticn, 
Ive cfreuit was Sesienes to have eotirum transmission at 4CC cpe 
lew drain rien ne — was spolied, 
rote: tioneter was usec between the tee 6SL7"s in order to vary 
tag cain of the system at will, 
Ir t4e output to the capoc.létor a step-up transformer was used 
S nateh Ivpadantes, 


Svitecl canotulator - broadiy speakins it consists of 2 separate 


S. 


Meee: tie sviuchronizing cir: ang tre demodulator itself, 


Tre synchronieing circult uses the other side of the 8,¢5d.t, 





@haprer to nrovice G sipnal which ** Surtter amplified by a 6SH7 and 


goes to tne dsLoCuiator acros. a step un tranaformer, 4 capacitor is used 











LO 


across tho primary to provide adequate phase skift for correct synchro= 
nization, |. 

One adwantage of this synchronizing circuit over the direct con= 
nection of the 4CO cns carrier to the cemoduletor is that any phase shit 
ave to mechanice] shock or otherwise whic” occurs at the sechanical sritch 
mil: not affect the synchronization since it rill shift the synchronizing 
signal at the sane time, The democuletor is a four double diodes circuit 
Gescribed in page 40? of Waveforms*® and which is the electronic equivalent 
of the "chopper", Its advantage over the chopner is the fact of greater 
rower capability, Its disadvantare 1s the non linearity, chich will cause 
the common distortion characteristic st Giode ractificaticn, 


Output filter - only a capacitor waa used acrosa the. loac resistor, 


a 
Lag 


to filter the 800 cps rirrle from the rectification, L ; 
aA wi Tue as small as possible was chosen in order not to produce 
undue attenuation to the signal, : 
Attenuator - The overall gain is chosen through thia attenuator; 
In the axperimental model it was just a potentiometer but in a 
final seteup it should ec nsiet of 5 resistors in seriea; their values 
showld be choren in suer way thet when the feedback 1s connected botween 
- Of them through a multiple throw switch, the amplifier will have the 
correct, gain, 
heo Coerat. 
Althouch our research was alnost entirely of experimental nature 
some theory had definitely to be umed in order to see whether or not the 


procedure we were followins wag lorical, 


Some statements which are being and will be made in this “unmary 


* Reforence 2 
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pe * 


A 


will be explained in more Getell tater on in thie repert, 

The firal a, c, anplifier used in the sy-tem was desipnes tc have 
a calibratible, gain, with a maximum oT about ic” from the let cri to tee 
secondary of the cutput trensformer, across the ioad = making use of tre 
efmplifying princicles laid ovt in Arpited Electronics * and vitn data 
from the RCA tube manusl, the amplifier was decifned with « flat rengs 
of amplification (#ithin 6%.) from f, =x 290 cos to about “5 = OOK, This 
Tarse upper frequency cones essentially fron the fact that triodes with 
a very lox inter electroce capacitances have teen used, 

Since we can definitely correiate gain attenuation with phese shift 
those date will indicate a very small phase shift above and celow 0° for 
froquencies betreen 10f, and 0,1 i. or <90 cps to 650° cps, nore precisely 
5° ¢ por stage at those linits, 

This would give a nhace shift of about 30° plus the phase shi 
imposed by the output trensfcrmer itself, 

As a broad statement we cen say tiat the a, c, amplifier will, not 
create any problen of instability, 

Moreover, for frequencies betweer 36C and 420 cps thia phase, shift 
will obviously be much smaller. 

A Pourrier analysis of the insult teveform shows that the "chopner" 
Will create a moduiated square wave wi: ich contains tie sur and difference 
frequencies of the signal with each harmonic of the "chopning" frequency, 
plae ean average voltage wave, 


Ye will be conear red essentially with tre fundamental or its side 


* Reference 3 








b3 
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ban’s, siner tue averaye an) the higher rarmonice Pill be attenuated at 
tne ovtout tremoforror , demnoiurator and output “ilter, 

Trey cartainiy will not have « markec sffeot on the pain eince 
thip harmonic effect cecls abnost eaquslly with all the modulating frecuene= 
cios we cere for, which constitute a relatively small fraction of the car- 
rier fremioncy.— 

if ve are aliowec to aske an image, we would euy that the range 
of frequencies we deal with aro ulvost punched at a odint on the curve of 
transzission veruus frequency, of the a, c, amplifier, 


Maviarc race some eleplificetions in the treatment of the signal 


o 


tcop, “cross the «, c, anplifior we 2t11' nave to deal with the @emoduletor 
and output ctrevit, and input circuit in order to verify the poseible phase 
Shifts to the signal, 

The democuluteor itself 1s a purely resistive device, However a 
Capacitor is use? in raraited «ith the lose resist.nce in such way thet & 
Simplified cirecit for the signal from the secordury of the output trane~ 


forner is e3 foltiora, 


Tris cordenser is used te smooth out the 8CO eps ripple which 
wores trot tho fuli #awe rectification, 

ht che Lwatet wemdi tions {t e@uleé brinca go? phase shift which 
atced to the amolifier phaca esift vould eatill be emallar than 1£0°, 


tr, the input cireuit up to tre "chopre-"® there in no capscitor 
210 306 8O are Fairly safe ia tac meatier of stability, Thies statement is 


¢ 
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made regarding as valia the simplifying assumptions rade previously, 
namely, that the loop attenuation of tre 400 ens “cherrer frequency" and 
its karwonieg is high enough to be neglectes and that we deal oniy with 
low fracuency signals which enter by no other place besides the inout, 

Under those léesi conditions the gain could be atabiliced aa much 
as wo wished through foedhack, 

Therzal noise would be tre liaiting factor for maxinun stable pain, 

Actually the circuit bel.avior depsrted somewhat from those simplie- 
fying assumptions, due sainly *o the 65 cps pickeup eoicr conld not be 3 
curbed entirely with the resources we could count with in the laboratory, 

aul the means we tried to use to decrease this effect will be . 
described later, | 

The miximum loon gain obtaineble for a pure D, C, sienal wae of 
the order cr 40, and slightly less for 4, ©, signals, 

The conclusion reached at the end of the investigation is that 
the systen ss planned is ccod and should be able to do the job it was de- 
Signed to, 

Improvements in the corstruction tecknique, such as good shielding, 
good ground anc a decreasing of "sero error" will make this system very 


well suited fer high gain and excellent stability, 











et ee Epes tere 


DESCRIPTION OF TYE PROCEDURE FOLLOURI Ih THIS PFOBLEN 


In tke deserintion which follows no attaznt will be made. to 
Cescribe 41] successes end failures nor to show now the tite was spent 


fn the vrojfect, Only eignifican? results will be describen, 


bp 


At tne start of the investigauiion, several questions were bound 


7 | gow would a system like this behave in clesea loop? 
What order of magnitude woul? be nossible to use for gain? 


s How carefully built shoule tie components be? 


Es] 
La 
a 


Should 2a narrow banc or wide band amplifier be used 
Wret should be used ae a denodulator? 
: How difficult is tne synchronizing problien? 


What relative immortance would bave therzal noise, thermeelectric 


- effects, 60 and 400 cps pick-up, magnetic inéucticn, ete.? 


, To get a rowrch idea cf how. the questions would bs enewered a 
it te 2 9 4 
. 


system basically similar to the one originally planed wag set up, 


The main components of the syester wer: 





e 


- a) Brown single pole fouble turow contactor excited by 3€ volta, 400 ep 
5 b) Ballantine wide band enplifier: 
c) Feedback Contre) Laboratory model E ES - 6 pate? demodulstor, 
‘, using tricdos, 
= +. Besides those comocnents, the input an? ontput circuil sere the 
Gatie as {he vies to be used ir toe future, an’ car te feounc in the tlagran, 
The following voltage suprilies wore nueded:; 


ilOV, & cps, for the Pallantine anplifier 











250 V, c. ¢., positive and regatiye; 6,8 ¥, 60 
epsy 210 V. 400 cps, ali for the demodulator 


1@ ¥, 400 eps, for the, "ekoppér" 








Tt woule bea tiresome for the reader the description of al] our 


a 


ores hefors f 


be | 
i. 


fuccesses and ai {ral conelusione were reached, The nai 


points, berever, will “e commented upen in the came way as the final con 


clusicns, 


* 


To start witht, ihe over-aii gain of the system seemed to he 


J 


sorevhat low, The Bullentine amplifier uses feedback and buy an over» 
all gain of abeut 3°C, The demodulater elso has some gain since it is 
a triode tyne domodulatcr which detects and emplifies at the sare time, 
Tre invwt circnit used, the low impedance output circuit plus 
the ovtput Piltering vrovekt the overeall gain 4]] ihe ray som. 
Tre firures obtetned are as fellows: 

4) tout across a canacitor only, 

Over-sli geinsfor a dee signal was about 450 with 
leas tran °F rir-le, 

b}) Outpet across a 25K potentioneter and a 2 rf 
canacitor, Overeall gain for « dec signal wae about 1CC and For 29 cnes 
Sliemal vec avcut 10, : 

it is evident that exch a large difference in gain corld not 
be compensated chiongl feadback, 


There waz ne stetility oroblen with this circuit, The feectback 


Batic. vac varied at atil, 
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The chief troubles met in this pert of the work were: 

a) "Chopper" »- The operation of the "chopper" was ~ 
erratic and sonetines several hours were spent trying to adjust its con« 
tadte, As soon as it woulé start to vork the contacts rould come out of 
adjuetment again, 

Besides, the 400 eps pick-up was somewhat higher tran dure Cad , 

b) Dencdulation = The synchronization of the reference 
and sipnel voltages was very difficult if not impossible to obtain. A 
R-C netrork was used in the 1107, 4CO cps, synchronizing line, and adjust~ 
ed to give the suallest ripple, Even so the reenltr were very poor, 

The z6ro outmut error could not be eliminated from the denodu- 
lator, By zero output error, we mean the output when the input to the 
decoculator is gnortea, 

A compromise calibration had to be used to rive minimum possible 
ripple vith minimum possible output error, 

¢) .Other causes - Nothing elee sppeared to influence 
the orcration of the system appreciably, 60 cps pick-up and other minor 
effects atén't show up to any great extent, 

After those concausicns had bsen reached " new system having e 
higher gain was built, using now a new type of "chopper", 


This new system wae actually identical to the ultimate system 





appearing in the diagram, except for the first tube which was not present, 
Sone difficulty "as experienced in getting hold of some of the 
desired components such as transformers and condensera, The ultimate 


choice was a compromise, navely, the choice fell on the best possible 
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comporents which could ce the Job an at tie etre time ceul? be o+tained 
at the Feedback Laboratory, 

Folloring the prectico of going froa the simpler to tre acre 
complex no particular care was taken at the start for decoupling the power 
supr ly cf preventin= some cther googmible “isturbairess, 

The a, ¢, asplifier worked very well by iteelf, except for the 
60 cyclee “hur*; oven that was not too disturbing, : 

After the amplifier w.a chacked, tre 4CC cps was connected to 
the "chopper" and a cee sirnal wes arplied at the input, 

The effect of the snitching operetion of the dnpet of the firet 
@sid was preater than suspected, giving a peak volteze several] times the 
amplitude of the saumre wave signel, 

It waa suspected thet the seynerrenizing cirenit was drawing 
excessive current an? at the sare cetine covoled tc the slrnal circuit 
through the "cheprer", Chane of the lowd reaistunce cf the synchronizing 
Circuit square wave generator froma C,5u te § Mi inproved the situation 
but dian't elininute tho trouble, aA small 1400 if capacitor setween grid 
anc catnoce was the solution for the preblem anc tiie particular disture 
bance practically disapreared, 49 expected, this capacitor brought with 
it considoruble attenuation for tre input signal but 1t was a price worth 
paying. 

The next trouble to be mat wes the matt  r of synchronizing the 
reference and the signal voltazes at the demodulator, It wes solve? by 
@ cenvenient cheice of capacitors to »e cennected shunting Lhe erimary 


of both output transfornere, Those condensers 2leo aceomplisre? the 











simultansous job cf r->reving “he Z0C eps resperse of beth aircuite, 


Ly reunjias the corners of tre stilievery-nesrly-aquare waves et that 
; ‘ 









point, an4 ao rreventine them from being differentiated across the trans- 
formers, 

Ihe fullowixe problem to be met was the filtering of the 000 
eps ricnic nresent et the ovitcut, ) 

It wig deci@eo to ues one condenser in paralled wit! the load 
restietunce, 

i7@a yelue Pas & o¢npruntse betwetn an optinum hieh frequency 
&ttenvatic: ani a smeaij ice frequency attenuation, 

Finally the question of 6° cycle "nun® tan coped with, It was 
decijed tie? Tegurrline on the mower surely was necessary, 

Tis cecoivling ves performs! anc a pocd improvement rays noticed, 

&iftor all those corrective opereticns were cone the systcu was 

tusted uncer actual workin: conditions, 

At sere signal iaput there was Cec and 60 cps present at the 
wutout, However tre amnlificetion for both deu ané aec up to 40 coe teken 
fron 4.5) avdie amnlifter whe OF Sood quelity, \ 

lie chief drawback of this systen was the emall over-211 gain, 
due to the sever t stte: vations seattere’ alenc the sicnal pat'., 


The resi mu rossible paio was of the order of 25 ani there was no 


c* 
“4 
© 
C3 
cy 
jaf 
1D 
p.m 
3 
to 
ey 


inerengin. toe Soecback cutic to a woint where the overeall gain 
wes 1, Ne cscillations occurrec due to such emali Joop fain used, 
Tho Fines. conclusice reached at for thie varticular system was 


gat it wes fh eenere? ecoc, The maxioum gain was however, smel) to insure 








w . 


the gain siebility through use of negative feedback the nay re want to 
be, 

This conelusion Jed to the decisinn of building another azmplifier 
(wnich would be the final ons) with somewhat lerger amplification, 

The availability of 4S5L7's acced to the fact that they have 
vary food characteristios of gain and iow inmee? ten tnmtingadie Cttdond led 
to the choice of onc of them to rive the additionel amplification, Since 
cniy one stave of amrlifiestion was needec the remaining trioce was to be 
used as # catrode follower, This cennection has the advantage of waking 
the input capacitance of the tube much lorer * than 1% is for the regular 
amplifier irput connection, Thie lowered capacitance should decrease the 
input signal attenuation and, as wovle be noticed on the actual operation, 
helps to elininste the trench ane effects of the ewitching operation, 

Ar, agcitional feature was the introduction of a ateHtioneter 

twoon the tro 6817's to crovide a varfabie gain to tho amplifier, 

The plate supply fer atl tubss was deccunled by using R-C net~ 
vorke, 

The circuits for the a,c, amplifier and for the synchronizing 
circuits were calculated by our onn Judsaent and with help af the RCA 
handbook, ** 

ie e, c, amplifier was tested at first for static eonditions 


of bias and mprly voltages, 4 60 cycle "hum" was preesnt @2l along and 





due to the high cain of the amplifier it was enougn to saturete the output, 


#* Reference 2 


*% Reference 5 
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the evid resistance of the 





It sONMeRTeU Rus 4CTO35 


The first place wher 
input tube when rotting alsé wan connected vo Whe grid 
Tt wae ther decided te use rectified cuter eupply to the 6SL7? 
rectifiers, 


and thie was ucccepkiehed by ¢ bridge circuit usins selenium 
Hine sudteble flitering, Crecurding Ge cractically oliminated ¢ 
uble on the tre initial stapes, 
A Perpacse 


o* one 
Tre size of the decornling 


6C eps tro 
anc nore irnrovenert wae 


Caureciters et the later steres ¥28 
netacec, 

tube was att} quite 

hn@dter sugely. 


Byen so,the digturbance at tre ovtrut 
tae 5. 3 ae @ tif 


troublesome cnd this wan solved by rrouncing of 
ietor from each atde of tie tine, 


wh £ et 
i Real ar’ = 
ry 


a ut 


across 4 30 ona ro 
Lose a, ¢, cisturoences corine n fron the 60 cys 
1, They vere decreased 
“7? om 


elubarz 


sunply couldn't ba entirely eticinated —_ tre and, 
thout uee of sige we omy other 


to the minimum value pos:ibie, wi 
Zoe 


Seal 


ated constevction meti od 
rouble which versisted until the end wes Icck cf 


@netrer troublé¢ # 
car? eaveration at jor Javs dg 


“e trying tc acpte@e a co 


Cee one" , 
apy email) variation commis 
As we can ser it, fhe two cant # alec ere thé prilcirel chm 
which Limited the maxismum obtainalla isor gnir, 

After the a. c, amplifier warn teste’ for 4. >, eperailon, 
meetac to the "chuprer" and e cdc. °, Sipgrsl wae anvxiied to 


as 


4006 eor vera con 


the input, 


er 
-_ 
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ritied at the output by observing 


the waveform: across the unfiltered loam with a seope, 












are gere errer of the "shoprer? was gomewhat decreased by g-cund 
fmetre caver tzp ~4 © oe connectec sxerese the & rolta, 4G ep 
BUT LY. 

Greraiien with dec ane with a-c up to 40 cepa was tried before any 
feomback Fas .etterpte’, 

The eaJie ive cBomarke abtc ch the Bavics was trie? by applying 
Sirnads at tee oitteront inputs, cereuring thse output and verifying the 
linearity oo. tine reei.ts, 

at thes oe nt the fee3Jueck connection was mace and tre gain was) 
messurec, ‘The smoteum Tocp cain wa: ct! 7 Jessa then what we desired it to 
bey bet no increvemernt Pac in sigs t right awry end time was running short, 

The gatr can be calibrated fron 1 to 10,as desired,es long as the 
amplifier rain is decrease low erov rp to prevent oscillation, 

Y* com De iacreigeo 26 nizh wilves bet alweys besring in rind 
that the faudsack has +o be Cecreeses accordingly to conform itself with 


‘he maximum possilie isep guin, which ultimately cetermines the stability, 


S38 We cen reerll freon the principles of Kvquist, 








DETATLED DESC&IPTION OF THB FINAL SYSTEM e 


a - 
WBrasimer 


The two dingrams describing the firal system as it wes built 
- 
are nresented in the beginning to pive tre reader a reference for future 


reading, 
#e 
They are presented in the next two pazea, 


B, An Cups is.of the gain, ovtont, impedence and input iwredance 


The followin: diarran is a good approximation of the circuit 


behavior ena wil] be usee for the enelesis rhich fo@lons, 


@« ve WD 


(21) G5) 4b+Ee- ite 


J. Qain 
sue to the hich cetn of the anplifier, the input voltare wil] 


wy necessity, vory smell, In this way the input current can be ney- 


+ 


, o 
ectes ir, this ansiyele,since the innut impedance for the a, c. amplifier 


is very hich, 
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The equetion for the 4eput node can tren be written: 
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nit - 2 5 4 A BE, a , 4 re als 
zo +R, eit in = Fe att 
cm Zs. 2 ee % 4 5s." @ Zs 2 

o ra d Be e 
a + = 

Zz ogee eI 
ey 3 4 
wR, =k, = RB, = Ry = R iu Be yds a Fy CK we can Sirpiifys 
i é 3 
re, +o, +8 46 Ge, £4 762 48 
e 3 : 0 = —— or = Zs — a —_— 39 
a: . 4 





Tne above equation stove how the inout extpnalis add te fren the 


input voitage to the anmciifier, 
Be knor thet eo, = 7 he, wrere ,la the complex froin of t*e systen 


and the minus siren is piaced arbitrarily, 


Then we mey srite: 


Reo = 22 we Ws Feo 
iL ms or | 
Se (44. Beale 
" O O "" 


By tf, + O57, 


Wow the gain of tLe syster can be obtained as: 


85 5 
4 + if 








Gain of the system = 4 = " 
e 




















o 


For purceses of discussion of stability usi-s the Nyquist 
criterion tle ubove expreasion can be written in somewhat different way: 


u/s J, 


"ae 





Thies equation srovs that the type of Input circuit enc parallel 
feedback we use has an effect of decreaeines the gain by a factor of 4 ea 
Gompared siti a system using a single inout and series voltage feedback 


when the eouaticn for the sain *°s the widely known, 
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+ 7 U6 


?, Outovut irredarce 
Tre outrnut lupedancs cain be defined py tho expression 


2% 


Under those conditions of zere input signs we are able to write 


ec. ; 
a Fee: 

jo 

the nose equetion et tha cutput resistance, 


5 & 
Eo ae 4. Eo ~ 


New we wish te exnregs all voltaces in terms of eo Using the 
fact ‘ wi hat "2 


i 


Bo = Ae, Bru @, = = a 
i eS 


at is nossiole to write 


4g, iin 3 
-— . = Eo 
om: . , t ven = io z 0 ll ; = ct . 
eS oe 0 43>. 
<q < hen —— a © iene 
+ Ra R', 
. + te don a 
? SS pt i 


f- +i) Ae ER c ae Rie + PR, 
H el ; 
Rh, ne 
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Sinc@ yw») and with good aproximation in most cases \ 
8 > " . 
tL ve have 
t 
e(Rs # R,) a Sinee KR,» a) 


Where the resistance of the paraliel combination RY and R, is 


practically Roe However 
gg +f (Ry +g) 
= HT + RB) me Ry + RY 


Therefore 2 ; 
f 


I 


é 


which is actually the total lead resistance placed at the cutput, nde | 


3, Input impedance = ¥ 


-_ 


We #11) define the input impedance for the input las | 


rs 

Gate | ie, de 7 
i, 
Disrerea 


rding the source impedances as very small as compared 


with the input resistanees it is possible to write: 


6, ° @ 
1. «oe 
L R 
As has been seen previously when the Gain was discussed 


e, = fe+30 _ 4e+ peo _Ze - wei 
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For @, = ©, = 0, we have 











& - 
e, = ar “3. 
OF 
ty £ 1 
4 ou eS dae r _ & (l= 1 + ran 
“ = +? P aie iy 


The input impedence xill be given by 


“ oo 







This dencrinator is very nearly 1, Therefore, with coed apprex= 





imation, the input impedance for each input can te considered ag given by 





the resistance nisced in series with each input, nanely 


= 2, 2 6s 
> 
C. ontactor modulator and modylatec wayeforn . 
1, The ecntactor modulator 
‘ 
“ The contactor modulator, comrorly known as “chopper”, is, we my 
’ 


eay, the starting point of cur systen, 


7 
; It is essentiai’y a single-pole, double-torow sywiteh wrich 






“<. : 
] vibrates at a frequency, callod the carvler frecuency, rich is dictated 
by a voltuge appliec to its coil, 
- 4 
The amount of carrier vweitace picked up br the signal circuit 


demands +. gone extont the irpecerces uged, For low impecance circuits 
ie ae 4 











| 
gles 


this amcunt is qu-te Tow, 
In the wedium impeéance cirzuit it was used in, the pick up 


aprreciable ang produced a vero error, 








Tho coratuncy of duty ratio is assumed to be pocd in these de- 
vices, in our case, use cf fescback ant suiteh detection cave Inuepen- 
dence cf cuty ratio varisiions over reasonable liaits, 

The pnase saift of the particular "chopper" we used, is accut 
119° at 406 en3 ae sein hs thea morufacturer, Thie phase #ebift fe ccabined 
Mlectricalean®’ cechantcal phabe €:7 it, 

As can be setn fron the ctrew t diagram only one side of the 
saiich hag bacon ueec tc ac omnlisn % che modulation cf the signal, which wil 
he in ceonesaguencs Just balrewayva sodel tec, giving from the start an atten- 
Wation of 2, Swen if the type cf imrvt circuit vee@ Ware suitable for Cullis 
Wave wodulstion, 17 stil? rovl4 be worth mat to use it, in face of the ed- 
Macags 9 Sta. the gic. ride of the switch for the weigchromeing cimeusce 

Excvent for the fact that the attenuation will increase the value 

© the inittia siereél te he stroll fied, there is nething @leé wreng tith 


tris lose gs ree *t car bo cemranstiteld by the pain in the umolifier, 


a 
_ 
L] ° 


fne the aventege of usir: the other side of the switch for 


au 


eo. 


mecrrorizing curroses 44 iwofo! 


pe 
9 


a) Exact abechronu’ zation is ressible at ei tines, independent of 
any thaese Cistirbunce ct the "choprer” cue to mechanic. shocks or any 
Otter rewsen, since any @diyvurbance in sh@ sign. @arrier sil: effect the 
eyn.. con>eing vc tage in exa tl, the 2aame fashion, 

: 


vo) Te never $s Jeutned fro. the carvier scuree for synchronicing 


rurrouBas, 








29. 


if the carrier were direetly applied to the detector a dee — 
finite anount of power would Le reovired from the carrier source, 
2. Anelysis of the inpyt waveforn 
Ar. elenentary Feurrier anelyeis rill hslp te have a better 
understendine cof the problem we have in hance when trying to ampliry a 


sriteh moduluted sirnal, 


fh Wave of this form 


n (1-k) 





Can te described by the following expressicn 


i Z = Ne Pat a 
c(t) =F (1k) +E SBI cos |x Z (2m -2)/ sin ag( 2m - nt] 
a a ~~ 
at E ie Ba Sin (kon) ca (2o,nt) 
For © ss E sin ‘atthe exmression will be modified: 
f (t) ES Sin int (1k) + 


A 2 
+ € ete —_ ‘a. T cos) k 5 (2m ~ 1) x bos { (2m _ 1) - t 
- C08 ft (2m - 1) + af | 


= i — , 
{ Le 2. *, sin (knn) s Siny wt 2ven | t + ; 
oo te . 
+ sin fs - dei | t) 


aA 


f 
na pro 











This last oxmression shows that Sor the case when k& go te 
have the presence of evory harrenic of the carrier frequency with tne 
sipnal frequency acced to or subtracted fron it, 


For the type ef input oircuit used 





ne] 
R, 
ee Es 
y ah 
; = 
: ; : 
We have 
Pet, 2 E 
3 in 
i. ¢ 
— : a Re 
J | B 
When R, = R. - E. ft — 2 
a The coupling canseitor fevnd in our innat circuit will crevent 


7 
@jos verlaticns of eric current to reach the *chepper™ and Seconing mec- 


uieated, Due to its wmlue and to the time conetant of the clreuit, it will 





coretitute practically @ short circuit for 400 cpa or higher frequencies, 


It will ofcourse stop c, c, and will not be an easy rath for low frequencies, 
s : ' 
The low canecitance condenser in parallel with the avitch 4s 





Ceeigned exasntially to absort any seit inductancs effect coming fron the 


switching action, 


a, 
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It will certainly attenuate high frequencies; this attenuation 


shows jn the roun’ing of tha leading ccree of the otherrise acuare wave 


generated by the "copper", 











D, A, ©, Agplifier ann inrut cireult - Deseription of compononte 
i, Intnrodvetion 
The conmronents of the signal circu’t will be deseribed from left 
70 Fier as geen in the circuit diagradé, 


The values ef the resistors and cupecitors of a, c, amplifier 






Will te commented upon only when toey denart from the usual in some manner, 
fhe choice of most of t} ent was vased on the tables found at the 


ene cr the RC. Roesiving Tube manual,- 


Tha sizes of tre coupline anc cathode capaciters were Lnoreased 


somewhat, the first cone to decrease tire phase shift at the carrier frequency 


bility of "hun" pickeun across the cathode 


» 


and tr. second to iessen the possi 
Poe evor, 


2, Inout resistances | 


The resistances used at the trree different inputs end the feed~ 


4 
x 


back resistance gers G1] chogen 1 M3 the first three to insure the desired 
*nput impecance for the separate inputs and tle fourth to make the feed~ 


4 


back woltare to “ave the sane ~velect. ag tre inrut si¢neis, in determining 
em ups to th: amebiPisr, 

Cetho e follcwer - Tre prid resistence of 1 NM wae chosen not to 
cause wunecessnry atitnuntion te the inptt slenal and its maxinun value 
HaG i miter by tre desire ef not increasing too much the impedance level 
Er ré inout, 


a 


The Walve of toe cet cde reshetor was chosen to give the desired 


> 


nm = 4 
vilue ©° Lius at were input eisnal, At the values usec, the rain for aie 1 








Xa) 
RD 


sivnals is in the vicinity of 6,9, 


3. Tnreea steces of woltaze gmplification 


The velves cf grid and plate resistances rere chosen in accord- 





ance with the RCA Manual, Coupling snd cathode capacitors were someshat 
modifies ty the reason explained at the Introduction, 

The values of cathode resistors were increased to bring down 
the operatines points in the plate staat itieakie tas: The apcoliedc vitae 
Ebb came dorn in the inittal stages due to the decoupling of thie eunoly, 
In this way, using the sanc bias we would have smaller current and hones 
the larger value of the cathode Pearetcre needed to secure that bias, 4 

The currert drain from the power suprly was slightly docreaded 
although this is rot too sipnificent, Linear operaticn waa insured anid > 
to the stall signal amplitude at the earlier steges, This Mnesrity was 


verifica later axperimentally, ahs 
The size of the gain potentiometer was chosen as a rerular grid 


“7 


>a - 
. 


n 


reeistor, 


Ae Qutput circuit , 
Under t).is title will be considered the 616 ontput tube and the 


“}- 
_@ - 


outrut transforrer, 


Little can be told abovt the 614 since the instructions for use 


AR 
= “, 


as class Ay amplifier ane 3CO V niate supply were Folloe?, 


Tre output transformer was selected Raving dm steht a good: ine: * 
a u + ‘ ail 


pedance matching, in orcer to make the 616 to onerate on the desired load 


line, A transformer having the correct turns ratio (to match 15 K to 2500 
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The operating points ace indicated at the corresponding points 


in the circutt diagram. 








wm icon eneretion of th: coxzplete system we are trying to 
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‘ ts 4 
a) Generation of modulated aquare teves by e “cropper”. 
bp Smpiif.cdiion of the uoduiated square waves by a vide band 
anoiifier 


oc) Dewr@ulcticu ani exact reperdveticn of the original signal 





ampiifted by reans cf a neceni "chepper"® in synchronism with the first one, 


The power level ve weed ave at the ortput precluded the use of 


& teernsnmical dencdulstox sinen usues 7 these Instruments are made for a 


£ 


current of the ofier of «me, ire ficlc wes wiGe open fer the chtice oF a 


phsee seusitive “asecwlator, Severa’ typer were investipated ani Tinaliy 


the ec calla fel epave ote rsesional svitcn demodulator was crosen, 


7 i. 


Sie tyive 0? demo iN tae 18 


4 
ot 
_“ 
ate 
ww 
ond 


ectronic equivalent io the 


See nl ev bich ad *hic “act  ~etmpel is oriented the ckcice, 


Seeei: soWer in the pusetien of linearity. ven so. tee of a Tegister in 


sa 


MErTiew vit! eavi Gicde asta Ge « cemmensation for @i.°ferenee in @harecter= 
Jaticos cf wc SC oodceo tp aut! way ve. the resistors themselves tase the 


View ci the wieaum tubes oL the reeponsibility for balanced operation of 


(t @ 


tip “aro Curator, 
Tye Other il 1., very bicrle and cote cheration Will cot @epend 


OF Reve omy Mtuse of the imtererca velosre as lome 46 1t 1a high eneveh to 
“took, ihe Voces ip the wr emg@nce of Cheicclied andulatred sirn4l. 
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There is nothing to fo wrong zith the Jemoculator, except the 
diodes or a cefecotive reaistor, 

Onee it is set in operation anc the phase is edcjusted for correct 
synchronism 4t will co on forever independent of further gain or bslance. 
acdjustren:, 

The fact that 1t provides no gain coes net constitute a drawbeck 
Sinee the amplifier has plenty of roserve to supply it, q 

In system: chere the retio betreen the signal frequency and the 
carrier 13 relutively nigh this tro way sxitch demodulator provides, beside 
the neeced phase sensitivity, a rapid response, minimum carrier content and 
a reduced chince of interference of unwanted signals, 

2, Operation 

The following ciagram will nelp the reacer to have an idea of 
how the eignt tubes are used to provide a fullewave phase~sensitive de- 
modulation, 4 particular instent ia chosen and at that instant the trans- 
formers are replaced by batteries, In order to understand the analogy 
with ea switch action, it must be arsuned ne whenever the polarity of 
the reference signal changes, two of the "reference" diodes conduct instante 
ly and the other two cut off also instantly, At the same time txo of the 
"signal*® diodes are dlocked and two ere hwileuee also instently, The re- 
ference voltage ohould have greater amplitude than the signal voltage in 


such way that the asegumption can be congiderec as correct, 











eal 





The letter N near a diode indicates "not concucting" either 
because thers is no sifnal cf the correct polarity aprited or beceuse it 
48 blocked by the reference signe), 

The ciagram is self exolonatory fer overy cifferent situation 
anc skors hor on’y one half of the secondary of tue sirnal onto? transe 
forrer worrs at a timc, 

2. Refiecter| Joeds 

It is clear that under the ides) operating conditions, the out- 
put tube of tre a, c, amplifier sees the total (dnternel and external) 
dicde resistence of one cisde in series with the load resistance reflected 
by one half of the secondary of the output trensforrer, 

The simplifier dia¢rat also shows that the ontput tube of the 


\ 
synchronizing cireuit sees the tot.1 diode resistance of txo dicdes re- 





flected by the whole secondary of the outeut transformer, It ts easy to gee 


? 








BF 






Shut the to trunstcrvrcrs must ditfer if the tro outmut tubes are the sane 
anc we want ‘tem to -2ve identical operating conditieng, 
4, Sex’ gum nosc.p)y gutruy 

In our case we hed to use identical traneformers anc this reduced 
the maxicum obtainetblo reference voltage und coneequently the saxi mum possib. 
Pecuii te? sirnel, 

It skeul: be clear porcver that the phvefeal Umitaticn for the 
amplitude of the rectified signui i. cietatec by saturation of the ciodes, 
provide? the arriituvce of the reference yoitase ig kept nigh enough to 
fustify the aussurrtion race previously, If a Suitadle conbinatica of trans= 
Permer and cicde resistor were used we would be able te obtuin u maximum 
output atenel coo sicerably larger than chat was actually obtaine< (about 
BO volts). 

®. Date et meaiue signal level 


In order +o howe sr idea of the quality of operation of the de= 


he 


moCulator in question, tro 4CC cpe signals were appiiec at both enca; one 
Oo? }ixed arplt tuce et tre reference end and one of controllable azplitude 
4 x 
at tre sirmil erd, ¢ O,1 mo cavacitor vas used to amooth out the ripple, 
Pets an? correspondines olot ars containac in the next two pages, 
It ean be observed how nearly linear is the response at this 
voltage levet, It can alse >¢ eobetrved :ow the linearity falle off when 
the oprlied wooters astrosatnes the reference volitare in maurcitide, 
The rer“*ocrance of the copoculator in eetual operation, integretod 


z += ag il : 
pea SV THER, WAP Fe, 
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F, Swnchronigines circuit 
iL, Generalitios 
Following the sae cattern as vhen the a, c, amplifier was dese 
cribed only the nore unuausl ncints +112 be commented unon, | 
Data for the stages of amplification usiny a OSN7 and a 614 
were taken with very little change from the RCA Menual, . 
The load for the cutrut tubs was net the correct ons since 4 
transformer with tke desired turns ratio was not aveliable,.es has been 
' pointed out in item B=4 of the section of Modulator, 
re, Square wave generator 
A cireuit known generslly as a sweep circuit was used et the 
input, Due to tha large time constants involved as compared with the 
duration of the seecep, we reilly had a square wave fenerntor, The dure 
ation of the sweep was contro'led by the "chopper", 
Depending on whetrer the sritch 498 open or clered the circuit 


presents the followine configurations: 


syvitch closed guitch gpen 


{of — 


300% 





= 


3 3 
This Axit(xto : 2210 See. tee: RQx5 = 10 See. 

























“nero the periods of charge and discharge are approximately tne 


a4 
Sarc ani egusl] te °,4 x IC veconds, 


Due *%o the relative raenttude of the time constants as compared 


. 2 a) r 


4 ce | a > = - woe : ‘3 > 
Bit. tie paraess cf enhrhe Bil ce eee.) 


iny 


con approxinatica can’ be 
ebtained by ceypiderinzs the current as congstent ineteac of verging expon- 
entinily, 


All we rant is to have ary idee of the magnitude of the input 


Pojtace to the wehilfier, 


Selution of tue sisultanecus equaticrs invelving exponentials 
> e 4 oe _ ® % . ® >. a 
gave the wilot cf tar & preitor volture at the Yerivinine and end of chiege 


Oe discuancc, 1, @, taxtrus anc suinitum Capkeitor Golteges., Trey are 


By se 26 voltr Ex = ,€7 volts 
Fror the chrevit ciacrars for chargeand discharge and using the 


ateurcticn of cenatant cure rt made previcusly, it is posvible to calculats 


? 


5 ° -_ 2 ? B 4 . 4 
mete Geter oo? innut vol*Mege: 


“UO « .6") = 
= 0 = ode K TO oh O26 volts 


e _} 
ae mio + K 


(e,). mle see og 10 & =, 06 polte 
ee "+1 


the sCC erg comporent mst be amplified to ba used as reference 
Paes at * hey oe8diuletcr, 
5. Mer sierniticant. Teatures 


Sjiecourr the garl't Cor*acm factor of the 6397 is cutte smaller 


hin the ene of the GSL7 Sota’ ds mere than gncurh “or what ve have 








in sind, Aesumning a gain of 1°G for the tno triodes and a pain of 15 for 

the output tube end outout transformer the overeall gain is of the onde 

of 2000 which rould give a peak-to-peak amplitude of | 
(0,6 + 0,05) x 2000 = 1320 volta 

This gain would be sufficient to saturate the output tube under 
those conditions, 

For that reason & potentiometer was used as the erid resistor 
for the output tube, in auch way that the cain may be adjusted for the 
best operation, 

The cathode resistors for the two halves of the 65N7 were 


somewhat different from the values presented in the RGA Manuel because 





we were operating with a lower plate supply due to the decoupling network, 

The capacitor used in paralled with the primary of the output 
transformer was experinentally determined to sive the best synchronization 
for effective demodulation, It also serves the secondary purpose of 
attenuating hich frequencies, In fact it also attenuates somewhat at 
400 cps, but this is not sericus since this Cau be more or less Compensated 


by gain acjustment if the need arises for larger gain, 





ate and Fivanent supply 


1, Pilate supply 


Since no stabilized power supnmly waa suprosed to be used in this 
amplifier there wes no perticuler need for building one, 


At the start the 250 volts supply from the Laboratory was used, 
Since the amplifier wes planned for 30° volts, a norer supply existing in 
4 








AY - 7 


the Laboratory an'\ bhiving the desired terminal veltare was usod, 
It presented food characteristics cf regulation an’ filtering 


for the civen loac. ami ha? no snoelal features, 


$ 
2. Filarent supply 
As dictate? by previous experionce, to tyves of heater suvply 


were need: a. ¢c, and ad, c, Direct current supply was used for both 6SL7'g 


while all the remaining tabes had 6,3 volte a, c, in their heaters, 





The heaters of the 65L7's were connected in series and a current 
of 0,3 amp, was made to flor across ther fron a bridge circuit of selentun 
rectifiers, 

Effective filtering thireurh electrolytic capacitors helped tc 


recuce the ripple at the heater of the input tuse to about «,! velt a, c, 





nm, The good rrounding of ene side of this sumply voltage had a cone 
siderable bearing in the verformance of the syaten, 
4n insulating transformer was used to make this prounding possibile, 
Yo particular problem involved the 6,3 volte a, c, heater auprly, 
It a made througr a filament transformer, Both sidea of the line vere 


connected to prcun’? across £0 chms resistors, 








A, Corrants cn tne svaten 
use of roculation te improve the eencitions of amplification 
of low frequonty sipnsis anc use of feadbeck to miko tne gels Less sen= 


sitive to changes In concitions of the circuit are supported by theory, 















In fact tro theoretical oreration of the syster being discussed 
4s cuite sirrle anc 4211 we buve to worry about are the reasens vhich canse 
departure frof tre ifeel concitions, 

Lespite the fact *hat the signel fios acroaga *he aysten is 
es.s‘ly wisuslized, theoretical analysis is sorephe:t more involved due as~ 

® x 
eontislly te the presences of a non linosar element, represented by the con- 
tactor, The certactor is said to ba non Linear, meaning that 1t cen not 


= 


be deseribec by & Lepluce Trans’orm, However, if some analysis is to be 


9 
nade 44 should follcw the same pattern oresented on leference 6, 
Further cifieultr on the analysis anresrs vith the presence of 
& trancforer weose cheracter* stics are uninosn and wer: not theught worth- 
iis tc MAASUre, 

In thai ray all was tried to do was to Limit the phase shift 
along tho a, c, arniificr fer tia frequencies we were intersated in, and 


to attenvete frequencies out cf this range, This was accomplished through 


select: 


~ 


ot 


of ateauete valves for resistore unc cepacitors in the azplifier 
ane in the output filter, Il wes asaur a thet the phase shift irtrodneed 
by the oitput transfor +r rouldr's Le large enough to become troublesome, 


Cor-octive netvorks es presented in page 335 cf ~~. 2" 6 were not con- 


siGgered necessary, 








4,3 


B, 2orp stability . 
The zero drift in the conventional direst coupled amplifier > 
resulte from slorx changes in the tubes, 

Si-iler changes tu’e place in the tubes in the a, c, amplifier 


aise, but they are attenuated by the ccnventional R-C networks between 
tubes, The changes ere further attenuated in the output transformer and 
Sinally due to the balanced arrangement of the demodulator circuit, they 


are reduced to a noeglirible vaiue, 












There are, however, other scurces of zero disturbances end sone 
of these are not so easy to elizinate, Thay can be of electrical, sagnetic, 
mechanical or thermal nature, We will not be too much concerned with tha 
last one since its level vill be relatdveylow in comparison with the input 
voltages ve intend to rork with, 

To improve the insensitivity to mechanical shocks,the first tube 
was rountes on a floating socket, If mpre improverent is cesired wae: 
thoi@ chassis can be weunted on rubber sunporte, "' 

The electrical cdisturbarces nesc some nore attention, Since the 
signe] gees throuch the amplifier estettiel ly es a L400 cps, modulated volt: 
age, any 4OC cps, voliage entering the amplifier may Cisturd the sero, 
ihe safe oractice voul’ be to exclude the possibility of this eT 
The only place {* can enter the emplifier is throneh the centactor, het the 
start, the error coming from this fact was very noticesvle but wag decreased 
scmerrat by the insertion of a center tarped 160 ohms at the ovtput ofthe 


trensforwer supriving the 6,3 volts, 400 cps,, to the contactor, The center 








4d, 


tap was connected te ground eno a juste. to sive the srallest sero er-or, 







urze re fact that the amplirier is to be used with up to 
Becks of tire fact tiwt th pliri te to b j bh up t 
4G cps input signal, a oC cps voltere in the amplifler wil} behave Just 
like a signal and will be prasent in the cutput, 


In an ides) set up, the input would have to be shielded and rid 


tered to reduce the amount of 6 cps and 400 cna entcring the anolirier, 
. y ¢ 
Although a sterdy dee current from the Pirst grid canact reach 
E y Ex 
the "chopper", varlaticns of 1t cun, If they co they com become coduleted 
anc cause some interaction with the signul being moeulatec, Use of a sath- 


ode follower as the inc-ut tube {rproves the situction due to the very sual? 


set a 


ebancec in grid to cavhodco vollepge tn corparigon witli the corresponding 


— 


Chances of the input elend, fror gria to ground, 


Macnetic zere disturbances may be present cue to the Linking of 


ply 4°2 1 Ba 
atic Stelas, 


? 


loops in earlier stares of the ampl)ifter with 60 or 400 cos mar 
The 4CC cps may cause a dec error at the ovtput and the & eps will be pre- 
sent as any other input signal, Te correct this, the loowa in the eariter 
stares musi be as small as possible and if cocpiete correcticn tc desired | 
magnetic shieldins xwcul¢ have to re «sé, 
GC. Gain stability 

Elementary feacback theory shows t'at the changes mbich Lepoen 
in a feedback circu’t sre decrexused »b ava factor whic ia relatai ic the 
loop gein, In this way, the larger the loop gaii, the lsrger the rain 
etability we ean achieve, 


StabLiity problems prevented tha syetan beirs discussed from 


having a loov rain larger then 40 at a forward cvereall a oF §0l, 
4 Li es 


Stare 


Les 








Under those conlitions, making use of the expressich it ia 











45 


easily seen that « Changes of 1% injs will canwé & Che@eeor Waly c.34 















tf the ‘andvidth of the system ie reduced by the use of 2 large 


me 


capacitor in the output, the loop gain may be Lnereased, A let capac: 


oreupht the Joon gsin uv to *O° but avyidently in that cese the bandwidth 


f£ 
~ 


.@ recuced ina very great extert, 


vncer the cerditicns in «which the amplifier was tested, it showec 


& gooc gain stability noen was left for sever’.1 hours with the same signal 
@rriied, * 


T.2 res~onsé was fours te re essentialiv Plat fxea 6 to 40 cps, 


4 


D, gtablitty apeinust cesiliuiion 


2 


£09 


Tie taximun cobt..inable loep gain is limited b7 the nossibd lity 
ef osclllaticn an?’ is a conpronige with the bandwidth of the syeton, Use 
of a largs outrut corcenser wili decrease the bandwidth ort will help the. 
stroility anc rill percric vse of a very large forward gain, 

Cn the other vale if the bandwidth is to be increased the outs 


* 


put condenser raz to o¢ Gecrease> in sire and a relatively larre arcunt 


of EOF eos riprle ts present in the ontnut ane this beings a definite lisit- 
ation to tre saximus Loom cair, ir otrer words s situation arvives when 
tho @ OS eps veltece is compsrahle in amplitude vith the output voltage, 
Yeon this boorers tae operation of the systen becomes erratic, 


 aaml e P > 


Ex Sbencs of aeaback, othe than the one intended , shoul: bo 


acot we low wa por.::- te, Everr kind of spmricus C¢laturtance must be nre= 


e 


‘o sevarel ways as Cecoupling of plete sucply, 


la +. 4 7.04 at ¥ [md ? w= 2 4 
Menic:, Jab we tri ec 


“Lite-in' on th Rehter gugrily, gow ground coiiectia® 414 shot groomers 








of th: input tube againat rechanical feadback, 
















erforimance of the svstem 
Ro extensive ressureyen? cuty “ere taken fror th: reriormance, 
eince the syste. as it is it very flexible, Any amount of gatn for teat 
quoncies from O to 40 cps can be optained with verying values of gain 
Stubility, dciennllincts oo the desired sancwidth, 
Oscel.jlatien puts «a definite limit on the optimum combination of 
gain stability anc aca, The enclosed data shows some of the reniieh 
obtainable with the systex, 


QM! the date for verification of the dondition 


= “Le, £ 0,02 


Eo, 


Since the linearity and additive properties of the system had 


beer verified previcuuly, only the simplified exprension below was computed, 


£ 0,02. 





1 ) 0 


>a»; = 
Data was token for k » 10 (minimum loop gain) since it dongt {tetieh 


the moat critical situation, In other words, if the coneition is satisfied 


for k = 10 it will alse be for k #1, 2, 5, 


N : 
Foal 


Three osciilograpks for input signals of 20 epe, 30 cps, and 40° | 
Mw x 
cpa are enclosed, The wet gain of the d. e, amplifier was 10 wheh those 
7 
4 . . 
occiilographs rere mace, a very noticeable-hyrnonic content can -be. seen 


in the 20 eps graph, 60 cps Gisturbence can: be seen in all three, . 
> 


The oselllographs were taken with a Brush 2-channel ogcillogravh, 








Pasa 





Date for maxinun and minimum net gain of the syatem rhen the 
forward pein was acjuaterd to give stable operation fer a, c, sirnals 
under any conditlon, 

20 cps ey = 1 V ° ae zw a (V pein = 1 
85, = 7. ee w 5.7 V gain a 40,5 


maximum 2uop cain = 40,5 


30 cya %,, * i | eout iv gain » 1 
z 5 V gain os 2h 


maxinun loop gain a 35,45 


4 


etd 


45 Crs “on xnav © sl V gain a 


© ih Fe) me: VYoee m2, Vy gain e $15 


out 


maximun loon rain = 21,5 


“ 


D,€. %&. iv Gout = “1.3V gain » 1,3 
Cen ms 903 @ por = -3 V gain = 63.5 
e = 0 © out x LIV 


equivalent incut error « 0,0172 V 
naximum locp gain a 49 


800 eps ripple at en” O, open Loops e. = G,099 maximun 


r 














Oos, The inptt voltare ree accvr-tely set om a Dumont 3C4-E Oacilloscope, 


Ss , 
The output volis,e «.¢ veud witpin Co V rits from @ RCA Junior Voltehnist 


eine, 
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___ THE BRUSH DEVELOPMENT 
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Ro eps 


30 eps 


40 cps 


a8)uiled at th 
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The amplifier as it wac when the investigation wae concluded 




















ba considered as geod, In fact it corritedé with 111 the speci*i cations t 
; 

at the start; seme questions mizht still] renain as for the flatness of gal 
vrich was not extensively measured, 

Definite limitatic: had to be oleced on the forward pain cue te 
stability reasons, The maximum vossibie loop gain was found to be cf the 
erder of §0, Small additions to t.e@ circuit and a sore careful oreyontion 
of souricus signals should make vossible the incresse or the ferware gain 
for the same net fain, what realiy means a better gzein stability, 

The zere °, c, error vas decreasac in some sxtent by a convenient 
ground ox the 406 cps sum ly for the “ehopcer", cere a, >, cisturbances 
were curbed as much as vossible, 

A 6C cos voltage wa oresent at the cutpet, 4 better EC cps 
electrical and sarnetic ineulaticn and shieldinz is necessery for futures 
desicns, 

Introduction of & mOre elaborate filtoring at the ontout wilt 
improve the system since the G0C cps rirc.Je fs e limiting factor for the 
minimum si¢nal thst can be apriied to the input of the «, ¢, amplifier, 

The “chopper” is considered to operate satisfactorily, the 
svitch demoduleto- gave very good results an’ the eynehronizing circuit 
proved to be a +iuable acdition since not once was ths svaten observed 
to come ont of synchronism, 


P s 
Further work on this particalur projec’ must ce centered on a 


more alaborate construction in order to crevent sourious voltaras of coring 











1 nade $1 ig GA in order to tntroguce ' 
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phase lead 


hd 





rise feheeney ranre, ce ‘allo# for the use of « 





forward gain un’ a Cleteer frecuency resnonse, 
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